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研究成果の概要（英文）：1. A new technique of 2D projection transformation (PT) invariant template 
matching, GPT (Global Projection Transformation) correlation, was proposed. The GPT correlation 
method determines optimal eight parameters of PT that maximize a normalized cross-correlation value 
between an input image and the PT-superimposed template. 2. Recognition experiments made on the 
well-known MNIST handwritten digit database via a combination of the GPT correlation and k-NN 
techniques achieved the lowest error rate of 0.30% ever reported for k-NN based classification. 3. 
The programs in C language with source codes used in the above-mentioned experiments were published 
on the Web. 4. The GPT correlation method was greatly enhanced to stabilize and accelerate 
convergence to the optimal solution of eight parameters via strict formalization of the objective 






















































































































(4) 上記(3)の認識実験で用いた C 言語プロ





















関値の関係を示す。図 2 および図 3 より、強
化された GPT 相関法の優位性が明らかであ
る。 
(a)            (b)            (c) 
図 1 実験に用いた画像例 
(a)元画像 (b)回転と雑音 (c)射影歪みと雑音 
 
図 2 回転角と相関値の関係 
図 3 射影歪みの大きさと相関値の関係 
 
(6) これまで理論的な難しさから考慮して
いなかった GPT 相関法における 2 次元射影
変換画像のノルム正規化の検討を進めた。具
体的には、変換画像のノルムを保存する目的





















〔雑誌論文〕（計 1 件） 
① Yukihiko Yamashita and Toru Wakahara, 
“Affine-transformation and 2D-projection 
invariant k-NN classification of handwritten 
characters via a new matching measure,” 
Pattern Recognition, vol. 52, no. 4, pp. 
459-470, Apr. 2016. 査読有． 
DOI: 10.1016/j.patcog.2015.10.002 
 
〔学会発表〕（計 6 件） 
① Shizhi Zhang, Toru Wakahara, and Yukihiko 
Yamashita, “Theoretical criterion for image 
matching using GPT correlation,” Proc. 23rd  
International Conference on Pattern 
Recognition, pp. 544-549, Cancun (Mexico), 
Dec. 5, 2016. 査読有． 
DOI: 10.1109/ICPR.2016.7899692 
② Shizhi Zhang, Toru Wakahara, and Yukihiko 
Yamashita, “An improved criterion for 
image matching using GPT correlation with 
a norm normalization factor,” Proc. of 19th 
Meeting on Image Recognition and 
Understanding (MIRU2016), PS1-4, pp. 1-4, 
アクトシティ浜松（静岡県浜松市），2016
年 8 月 2 日．査読有． 
③ Toru Wakahara and Yukihiko Yamashita, 
“Enhanced GPT correlation for 2D 
projection transformation invariant template 
matching,” Proc. of 37th German 
Conference on Pattern Recognition, 
Springer LNCS 9358, pp. 435-445, Aachen 
(Germany). Oct. 9, 2015. 査読有． 
DOI: 10.1007/978-3-319-24947-6_36 
④ Toru Wakahara and Yukihiko Yamashita, 
“GPT correlation for 2D projection 
transformation invariant template matching,” 
Proc. 22
nd
 International Conference on 
Pattern Recognition, pp. 3810-3815, 
Stockholm (Sweden), Aug. 28, 2014. 査読
有． 
DOI: 10.1109/ICPR.2014.654 
⑤ Yukihiko Yamashita and Toru Wakahara, 
“k-NN classification of handwritten 
characters using a new distortion-tolerant 
matching measure,” Proc. 22nd International 
Conference on Pattern Recognition, pp. 






































       （   ） 
 
 研究者番号：  
 
(3)連携研究者 
（   ） 
 
 研究者番号：  
 
(4)研究協力者 
（   ） 
 
 
 
